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SUMMARY 


A flight investigation has been made of the surface pressure dis- 
tribution and the flow field around a dummy , nonrotating , elliptical 
spinner over a Mach number range from O .65 to 0.95* which corresponds to 
a Reynolds number range from about 1.6 X 10^ per foot to about 3.9 X 10^ 
per foot. 

The results showed that free -stream conditions were approximated 
from about 15 to 90 percent of the spinner length, but the local Mach 
number in the propeller plane varied from about 5 percent less than free 
stream at a Mach number of O .65 to about 10 percent less than free stream 
at a Mach number of 0.95* 


INTRODUCTION 


Spinners have considerable influence on the propeller flow field, 
and a knowledge of this influence is necessary in order to analyze data 
obtained from propeller tests. Reference 1 shows that a conical spinner 
affords favorable interference to propellers because the flow is slowed 
in the propeller plane. Blade sections of a propeller used with the 
conical spinner would be operating at lower Mach numbers than a corre- 
sponding propeller outside the spinner’s influence; hence, higher maximum 
lift-drag ratios would be available. The spinners with spherical center 
sections (ref. l) caused the flow velocity to be higher than free stream 
in the propeller plane and, thereby, gave unfavorable interference to the 
propeller. 

As part of an extensive propeller research program, a dummy, non- 
rotating, elliptical spinner was tested in flight on a propeller research 
airplane to determine the surface pressure distribution and the flow field 
around the spinner. The Mach number range of the investigation was from 
O .65 to 0.95* which corresponds to a Reynolds number range from about 
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1.6 x lO 6 per foot to 3-9 X 10 6 per foot. 'The choice of an elliptical 
shape for the spinner was made in an attempt to minimize the interference 
of the spinner on the propeller . In addition, it was believed that infor- 
mation concerning the flow field around thin elliptical shape could also 
be applied to other elliptical bodies such as radomes. 


SYMBOLS 


l length of spinner, in. 

M Mach number 

p static pressure, lb/sq ft 

p.(. total pressure, lb/sq ft 

q c impact pressure, p t - p^, lb/sq ft 

r radius from spinner center line, in. 

r b spinner radius at blade center line, in. 

x distance from nose along spinner center line, in. 

y distance from spinner surface at blade center-line station, in. 

AP = Pi - P 

l 00 


Ap P Z - P G 

— static-pressure coefficient , 


Subscripts: 
oo free stream 

Z local 


APPARATUS AND PROCEDJRE 


Pressure orifices were located along the length of the test spinner 
on both the top and bottom surfaces and static-pressure survey rakes, one 
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on the top and one on the bottom, were installed in order that pres- 
sures could be recorded near the blade center line of a propeller to be 
installed with the real counterpart of this spinner. The surface and 
rake orifice locations are given in figure 1 . A view of the installa- 
tion is shown in figure 2. 

Standard MCA mechanical optical differential-pressure manometers 
were used to measure the pressures which were accurate within ±1 percent 
The airspeed and altitude of the propeller research airplane were meas- 
ured by a calibrated wing-tip boom. The airplane Mach numbers obtained 
from this installation are accurate within ±0.005 for the range of this 
investigation. 

In order to obtain the local Mach numbers in the plane of the pro- 
peller, it was assumed that there were no shock formations off the spin- 
ner and that the total pressure was constant. Values of local Mach num- 
ber were found as functions of i/Vi> values for which, in turn, were 

obtained from the difference between the static pressure recorded by the 
rakes and that recorded by the wing-tip boom. Interference due to the 
rake support was accounted for by use of the method of reference 2. 


RESULTS AND DISCUSSION 


The static-pressure-coefficient distribution over the surface of 
the spinner for various free-stream Mach numbers is shown in figure 3 * 
The rakes caused some interference with the flow near the base of the 

spinner fy = O.785V This interference is shown in the plotted data 


points but is faired out in the curves. The data indicate that the flow 
over the spinner accelerates from the stagnation point to near free- 
stream conditions and then decelerates slightly. It was intended that 
the flow over the spinner accelerate from stagnation to slightly above 
free-stream velocity and then decelerate through free-stream velocity 
at the propeller plane. However, blockage caused by the conical fore- 
body of the fuselage prevented the existence of free-stream conditions 
in the propeller plane. 


The values of static-pressure coefficient shown in figure 3 are the 
averages of the pressures on the top and bottom surfaces of the spinner 
at the same value of x/Z and, therefore, the effects of the small 
angles of attack (0° to 1.6°) and the asymmetrical distribution of pro- 
tuberances around the airplane are disregarded (ref. l). The maximum 
(at Mo, - 0*65) and minimum (at = O.85) encountered differences in 
static pressure due to angle of attack between the top and bottom of the 
spinner are shown In figures 4 (a) and 4 (b), respectively. 
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The variation of local Mach number with radial distance from the 
spinner surface near the propeller plane at various free-stream Mach 
numbers is shown in figure 5- The values of M^/M^, shown for the top 

and bottom rakes indicate the small difference between the two v al ues 
due to angle of attack. Figure 5 also shows that the desired result of 
free-stream conditions in the propeller plane was not obtained. The 
data indicate that, as the free-stream Mach number increased, the devia- 
tion of local conditions in the propeller plane from free stream increased. 
This result is supported by figure 3 . Also, figure 5 shows that the influ- 
ence of the spinner installation and the forebody of the airplane extends 
a considerable distance from the spinner, so that a large portion of a 
propeller blade used with this spinner installation would be in a favor- 
able interference region. The upward coi cavity of the curves is attrib- 
uted to the influence of the airplane foiebody. The increasing concavity 
with increasing free-stream Mach number indicates that this influence 
increased with Mach number. 


CONCLUDING REMARKS 


The surface pressure distribution ard the flow field around a dummy, 
nonrotating, elliptical spinner were investigated in flight over a Mach 
number range from O .65 to O. 95 . 

The results showed that free-stream conditions were approximated 
from about 15 to 90 percent of the spinner length, but the local Mach 
number in the propeller plane varied fron about 5 percent less than free 
stream at a Mach number of O .65 to about 10 percent less t han free stream 
at a Mach number of 0.95- 


Langley Research Center, 

National. Aeronautics and Space Administration, 
Langley Field, Va., October 23, 1958 . 
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Figure k.- Examples of differences between static pressures on top and 
bottom surfaces of the elliptical spinner. 




(b) Minim um difference in static-pressure coefficient 


Figure 4 .- Concluded. 











